Abstract-In order to solve the problem that the existing virtual multiple-input multiple-output (Virtual MIMO) routing algorithm isn't suitable to isomorphism wireless sensor network, virtual MIMO clustering (VMC) algorithm which is applicable to small and medium scale isomorphism WSN is proposed. By combining the energy-efficient virtual MIMO communication technology with the method that cluster heads are selected randomly and cyclically, energy load of network is balanced and life of WSN is extended. We build energy test platform of wireless sensor network with microcontroller MSP430F135 and wireless radio transceiver chip CC2420. The relation between transmitting power and the RSSI is researched by the experimental platform in greenhouse, the path loss factor is solved, and the energy model of virtual MIMO clustering network is created. Then, we focus on the effect of the network size, node density and path loss factor on the virtual MIMO WSN energy-saving performance. To achieve the optimization objective that the longest life of the network, we adopt the genetic algorithm to optimize the ratio of cluster head which is a key parameter of WSN. The simulation results show that the VMC has more energy-efficient and longer lifetime than LEACH. When the parameters of network structure are appropriate, the lifetime can be extended several times.
I. INTRODUCTION
Wireless sensor network (WSN) is a comprehensive intelligence information system which is made up of a number of low-cost and energy-constrained sensor nodes by way of self-organization. In view of the sensor nodes are usually deployed randomly, the nodes will die when the battery power runs out because of small batteries which are difficult to be replaced. So energy is a major factor which restricts the lifetime of WSN. To the extent possible to prolong the lifetime of WSN, it is very important to design of low-power structure of the nodes and research of energy-efficient routing algorithm. At present, the domestic and foreign research personnel has obtained preliminary results in wireless sensor network study, but, a lot of problems have not been solved. Especially, the energy consumption of the wireless sensor network problems, which seriously restrict working performance and service life for WSN, and have impact on practical and efficiency of the wireless sensor network. In order to improve energy efficiency of WSN, solve the problem that restrict WSN popularizing due to the nodes energy are limited, so it is necessary to research high energy efficiency sensor network nodes structure and routing algorithm, so as to prolong the WSN lifetime, promote the rapid spread of WSN by the existing energy saving technology and communication technology.
In recent years, multi-input-multi-output (MIMO) systems have been extensively researched due to their ability to break through the channel capacity limitation which traditional single-input-single-output (SISO) wireless communication system has [1] , and compared with SISO systems, MIMO systems require less energy consumption when transmission distances are larger than a given threshold [2] . MIMO transmission strategy and nodes structure of a heterogeneous WSN were proposed in [3] , and the results show that the approach is better in energy consumption and delay of the network than SISO. However, as technique of MIMO requires complexity transmitter circuit and powerful signal processing capability, the realization of multi-antenna technique is impractical to sensor nodes whose physical size and energy are limited. With the increasing maturity of MIMO technique, virtual MIMO technique which developed on the basis of MIMO has been intensively studied [4] [5] [6] [7] [8] . Virtual MIMO technique is a diversity transmission technique that is applicable to WSN, The study shows that although additional circuit energy consumption and training overhead have been taken into account, the application of virtual MIMO technique will be more energy efficiency than SISO or multi-top transmission [4] [5] . The WSN transmission scheme based on virtual MIMO was proposed in [6] , and proved that the scheme can reduce the total network energy consumption. However, the scheme only applied virtual multi-input-single-output (MISO) technique to the datacentric clustering stag, and increased the energy consumption for choosing cooperative cluster and coding complexity.
According to the Isomorphism characteristics of WSN, Combined a balanced energy load LEACH [9] Clustering Algorithm (VMC) is proposed. In order to fully reduce network energy consumption, virtual MIMO technique is applied to all network nodes by VMC algorithm, and the energy load is evenly distributed to each sensor node by rotation election of virtual MIMO cluster head nodes, so that the energy consumption of cluster head nodes can't deplete rapidly and the network lifetime can be effectively prolonged. We analyzed the energy consumption of different network size, node density and path loss factor, and the network parameters to optimize the network lifetime are obtained by Genetic Algorithm (GA), Simulation and experiment show that compared with LEACH VMC protocol can effectively reduce energy consumption and prolong networks lifetime.
II. VIRTUAL MIMO WSN MODEL

A. Virtual MIMO Technique
In recent years, with further study of MIMO wireless communication system, a Virtual MIMO communication model has formed [2] . Namely, In a Virtual MIMO communication system, each mobile terminal not only has a single antenna, but also has one or more partners for cooperation transmission, and not only transmit its own information but also transmit its partners' information. As shown in Figure 1 , the Virtual MIMO transceivers are composed of cooperative mobile terminals, which form a virtual multi-antenna structure. Each terminal use both their own and its partners' channel space to transmit information jointly, so more spatial diversity gain is obtained and single-antenna mobile terminals' spatial diversity is implemented. It is proved that the virtual MIMO communication system can increase channel capacity, improve network service quality and system performance.
B. Network Structure
Due to the restrictions of quality, volume and power consumption, it is very difficult to implement multiantenna structure for WSN nodes. However, a single antenna node can get the multi-antenna spatial diversity gain by using virtual MIMO. Assuming that each sending node has a set of data to be sent to the receiving node, first, In the local communication process, the sender nodes broadcast its own information to its partners by TDMA, so that the sending terminal have all partners' data; Second, In the long range communication process, a single node is seen as a antenna of virtual antenna array, the encoded data is transmitted to the receiving terminal in parallel by the sending terminal.
Based 
C. VMC Algorithm
VMC scheme is based on cluster-heads-randomselecting technology through revolving put forword by LEACH. It also combines its technology with that of virtual MIMO, and takes the characteristics of isomorphism WSN into consideration. Thus, it can be proposed as follows.
1. Initialization. SN broadcast AOS (Advertisement of sink) which is initialization information to all nodes in WSN region, and the node operating parameters are initialized.
The selection of VCH. Assuming that CH
ρ is the proportion of cluster-heads (the ratio of the number of VCH required and the total number of nodes), so the R round Cluster-Head selection threshold is
Where, mod is the seeking modulo. Random number t that is generated by each node is between 0 and 1.
If t T p , this node is chosen as the cluster head node, and send information of cooperation to its partners nodes to constitute the VCH. 3. Cluster. Information AOCH (advertisement of cluster head) that VCH have become cluster head is broadcast to all nodes in the region, and the ID information of VCH has also been included. VSN (virtual MIMO sensor nodes) are virtual MIMO terminals except VCH, which judge the signal strength of AOCH that is broadcasted by different VCH, and send REG (registration) information to the VCH that have greatest signal strength, then, join in their domain.
4. Time-slot allocation. TDMA slot is produced by VCH, which is sent to its cluster members, and each VSN is assigned a time-slot.
5. Transmission in cluster. Collaboration nodes of VSN exchange data by the way of SISO. According to the TDMA time-slot allocated by cluster head, data of t M nodes are sent to VCH by virtual MIMO mode. Then VSN return to the sleep state to save energy until the step 2 is activated again.
6. Convergence. VCH transmit the data of all the cluster nodes to SN, then, return to Step 2.
III. ENERGY CONSUMPTION ANALYSIS OF VIRTUAL MIMO AND SISO
A. Energy Consumption Model of Nodes
The energy consumption that sent per bit data by node, which can be described by the following expressed [5] : 
Where t G and r G are the antenna gain of sending terminal and receiving terminal respectively. λ is the carrier wavelength, modulation is adopted and 1 b = ; for MIMO communications, if BPSK modulation is adopted, compared with the SISO, the energy efficiency have no advantage, so MQAM (M-order quadrature amplitude modulation) modulation is adopted and 2 b = [4] . Assuming that Channel model is flat Rayleigh fading channel, the per bit energy consumption of SISO and MIMO have the following relations [2] :
We can derive from (2) -(5) that the energy consumption for each bit under SISO and MIMO transmission model is as follows: 
B. Calculation of the Network Energy Consumption
In the previous section, a single node energy consumption of two different modes is analyzed. In this section, the overall energy is considered from sending fixed data view point. Assuming that each node send L bits data, the energy consumption of virtual MIMO and SISO are as follows: Low power hardware design is the key to save energy in wireless sensor network system, the energy consumption characteristics of chip is a key research object. In general, the supply voltage of nodes are essentially constants, the current of nodes are key factors in power consumption study. Therefore, considering energy saving and compatibility, the design of nodes is put forward based on MSP430 and CC2420. Wireless sensor network systems are composed of sensor nodes and sink nodes. Sensor nodes are mainly composed of the processor module, wireless communication module, power supply module, sensor module and location setting switch that set its physical location information. Sink nodes are mainly composed of a processor module, wireless communication module, a continuous power supply module and serial communication module.
A The Sensor Node Module Design
Figure1. Sensor node structure chart Sensor module is responsible for monitoring regional information acquisition and data conversion, according to application requirements, temperature sensor, humidity sensor, a light sensor and a carbon dioxide concentration sensor etc can be chosen. Processor module is responsible for controlling sensor nodes operation, storage and processing data which collected by the nodes and forwarded by other nodes. Wireless communication module is responsible for wireless communication, exchanging control information and transceiver acquisition data between this node and other nodes. Position setting switch is used to set a sensor node specific physical location in greenhouses. Energy supply module can provide energy which the work need for sensor node, in the paper, we adopt micro battery. Sensor node is shown in Figure 1 . Sink nodes mainly complete the sensor nodes data gathering and fusion within communication network, and realize ascending and descending communication protocol conversion. It released monitoring task of management nodes, and the data collected is forwarded to the external network through a serial port. It is not only an enhanced sensor node, but also special gateway device which hasn't monitoring function and only has wireless communication interface. Its structure is shown in Figure. 2. It composes of a power supply module, storage module, processor module, node communication module and serial interface communication module and so on.
B Sink Node Module Design
V. EXPERIMENT ANALYSIS AND SIMULATION
A. The Distance Relationship Experiment of Transmit Power and Communication
On the basis of transmission and reception signals that their strengths are known, the path loss exponent of signals can be calculated by channel transmission model during the propagation [14] . In this article, when the virtual MIMO clustering algorithm is implemented, sensor nodes can judge distance with cluster head nodes according to the received signal strength, and the transmitter power that communicate the cluster heads is determined, then realize the network layer dynamic power management. In order to research the relationship of transmission power and RSSI, we done the RSSI detection experiments on the experimental platform that was designed. In greenhouse canopy, a pairs of sensor nodes that are with transceiver CC2420, sink nodes change transmission power by sending commands, the frequency of each power levels is that send a data frame in one second, and send 50 times in different distance. The RSSI of data frame is counted in sink nodes, and get a set of data.
The relationship diagram of transmit distance and RSSI in different transmit power is shown in Figure. 3. It is shown that RSSI decreased significantly when the communication distance is increased even if the same transmit power, and indicate that the large transmitting power is beneficial to improve the signal strength, increase the network connectivity. But in the same distance, the reduction of transmission power would make RSSI value decreased too, while RSSI decreases to a certain value (about 47dBm), the communication is even interrupted, the sensor nodes can not receive the data that sink nodes transmit. So in the network communication, the RSSI must be in above -47dBm to maintain the network connectivity degree. Figure 4 is the transmission power when RSSI is47dBm under different communication distance, the transmission power can be seen as power to maintain network minimum connectivity. Based on the analysis above, the relation of the receiver RSSI and the communication distance is obtained in a transit power. We take RSSI detection results as example when the transmit power is 5dBm, RSSI fitting curve is shown in Figure 5 when n is 2.6, at this time, the value of RSSI is the most close to the actual measurement value. 
B. The Energy Consumption Analysis Virtual MIMO and SISO
To analyze the energy efficiency of SISO and virtual MIMO, the experimental environment is established as follows.
Assuming that N sensor nodes are randomly distributed in the network domain, nodes density is ρ , nodes distribute in the fashion of two-dimensional Poisson, The communication distance between collaboration nodes is the mean of k d , which can be calculated by node density [12] .
Due to STBC encoding, the complexity of MIMO receiver increases linearly with the number of antennas. Therefore, in order to simplify the model, we assume that the virtual MIMO system is a 2 2 × system, which every two adjacent sensor nodes form a virtual MIMO terminal and SN is MIMO transceiver of two antennas.
Other experimental parameters are shown in Table 1 . The node transmitted power of SISO and MIMO can be obtained by taking equation (4) and (5) into (3). Figure  6 is the relations of nodes distance and transmission power when 2.6 n = , at this time ,the transmission power of SISO is the most close to the noise of the greenhouse environment. Apparently, in the same communication distance, the node transmission power MIMO is far less than that of SISO, but we only consider the energy consumption of the wireless transmitting module, don't consider other circuit module power consumption. The energy consumption of the node mainly composes of two parts, namely, one is energy consumption of RF modules, and other is energy consumption of other circuit modules. Figure 7 is energy consumption of RF modules which each bit data is transmitted in difference distance, obviously, the node energy consumption of MIMO is less than that of SISO. But a node includes processors, AD converter and other circuit modules, so the circuit module power consumption should be taken into consideration. Figure 8 gives the total energy consumption of each bit data transmitted in different transmission distance, it can be seen from it that the SISO has more advantage in energy saving when the transmission distance is less than 23m, but the MIMO has more advantage in energy-saving when the launch distance is more than 23m. And with the increase of the transmission distance, the MIMO has more obvious advantage in energy saving. The above is energy consumption analysis of single node in SISO and MIMO way, and the overall energy consumption that is considered from sending fixed data angle is as follows. Based on the node distribution model established in the previous section, in this section, we simulate the data acquisition process of a cluster, and compare the energy consumption of virtual MIMO and SISO. Assuming that the region's shape is a round which radius is R , and the cluster head is in the center, while each sensor node sends L bits data to the cluster head. On the basis of the analysis of energy consumption in the previous section, the total energy consumption can be calculated as follows:
To study the energy-saving ratio (defined Figure 9 . Figure 9 shows that the energy-saving ratio of virtual MIMO and SISO is getting higher with R increasing when the node density distribution is not changed. This is due to the virtual MIMO have higher energy efficiency than SISO in long transmission distance. At the same time, the node distribution density also impacts the energy efficiency of virtual MIMO, When R is not changed, the greater the node distribution density, the higher energy efficiency of the virtual MIMO. When 0.001
and R 40 > , the energy efficiency of virtual MIMO is higher than SISO, and when 0.05 ρ = and 22 R > , the energy efficiency of virtual MIMO is higher than SISO. This is due to the energy consumption of local communication in virtual MIMO is taken into account, Therefore, the smaller the node distribution density, the longer distance between the collaboration nodes and the greater the energy consumption of the local communication. Figure9 . The relationship between the virtual MIMO energy-saving ration and R Path loss is the attenuation of power density when the electromagnetic wave spread by space, it is an important factor for analyzing and designing of telecommunication systems link budget. The propagation environment, the transmit media, the transmit distance, the antenna height and location have influenced on the path loss. n represents the path loss index, which is usually in the range of 2-4. Propagation model is under an ideal freespace communication when 2 = n , and it is in the case of earth model for the plane when 4 = n . In Figure 9 , the path loss factor is 2, Figure 10 show the relationship between energy-saving ratio and n . Energy consumption of virtual MIMO and SISO will increase when the channel is not ideal, However, the bigger n , the higher energy-saving ratio, and the energy efficiency ratio is more than 80% when 3 n > . It is proved that virtual MIMO have better energy-saving performance under higher path loss. 
C. System Optimization
The number of clusters is a key issue whether energy efficient of the clustering algorithm can be implemented under given network conditions. For energy-constrained WSN, the inappropriate number of clusters will increase the energy consumption, and leading to rapid death of WSN. If the clusters are too little, the number of members in a cluster will increase, so the cluster-heads bear too heavy load of sending and receiving, Clusterheads energy consumption to accelerate, and energy consumption is imbalance. On the other hand, if the cluster-heads are too many, it will be excessive energy consumption for forming clusters, and the network lifetime will be shortened. Therefore, in this section, the optimization problem of the number of cluster head is discussed to balance the node energy consumption and prolong the lifetime of WSN.
GA (genetic algorithm, GA) is an ideal algorithm to optimize the system parameters. Its principle is that use the effective part of past searched information to do copying, crossover and mutation on population which a group of individual formed, so GA has strong global search ability. In order to find optimal ratio of cluster head when the network's lifetime is longest, the GA toolbox that the Sheffield University introduce is used to obtain the optimal value of CH ρ when VMC is operated in different distribution density of nodes.
For example, nodes density is ρ and it is distributed randomly in a square area whose edge's length is 100m. The lifetime of network is taken as the optimize target, (the lifetime is defined as the period that is from the beginning to half of nodes which have died) and CH ρ is searched between 1% and 20%. Calculation is based on binary encoding. The number of individuals of the population is 20, the length of each population is 20, and the maximum hereditary generation is 25. The individual of next generation is chosen by the random traversal sampling whose generation gap is 0.9. The reorganization is two-point crossover whose probability is 0.7. The mutation probability of each element in the chromosome is 0.5. After 25 time is calculated by GA, the optimal solution of CH ρ was obtained in several different values of ρ , as is shown in Table 2 . 
D. Validation of VMC Algorithm
LEACH is a classic clustering routing algorithm, which can effectively improve the energy efficiency of network. VMC scheme apply virtual MIMO to WSN, and cluster head is selected randomly and cyclically by LEACH, So VCM can further improve energy efficiency of network and prolong the network lifetime. To compare the death round of the first node and network lifetime in VMC algorithm with those in LEACH algorithm, the nodes whose density ρ is 0.01 are distributed randomly in a square area, whose edge's length is 100m, and they have the same initial energy, path loss factor n is 2.0. When all communication parameters which are shown in Table 1 and network conditions are the same, the two communication scheme are run under the different values of CH ρ respectively, then the death rounds of the first node and the network lifetime are obtained, as shown in Table. 3. Table 3 shows that compared with LEACH VMC can significantly improve the network lifetime. The death round of the first node of VMC delay 4-6 times than LEACH, and network lifetime is about 2-3 times that of the LEACH.
V. CONCLUSION
In this paper, we proposed the energy efficient VMC scheme which is applied to isomorphism WSN. In order to obtain the most optimal ratio of the cluster head which have longest lifetime under certain nodes density of the network, and genetic algorithm is introduced, the simulation and experiment show that the VMC algorithm can prolong the lifetime of network compared with the LEACH algorithm. Last, we analyze the evolution of the energy consumption ratio of Virtual MIMO and SISO in different cluster size, node density and path loss factor. It is proved that virtual MIMO networks have higher energy efficiency than SISO network in the appropriate network parameters.
